INTRODUCTION {#sec1-1}
============

Coronary artery disease (CAD) is one of the major reasons of sudden death in all over the world. There are several risk factors for CAD such as; obesity, diabetes, smoking, inactive life or genetic.\[[@ref1]\] Atherosclerosis is the underlying cause of the CAD. Besides, this can cause ischemia, and if continues for a long time, heart attacks can occur following the myocardial cell death.\[[@ref2]\] Hence, early recognition of such diseases is very important.

Previous studies had revealed the relation between carotid atherosclerosis and coronary atherosclerosis. The rate of detecting carotid stenosis as calcifications in general adult population is identified as 4% while this ratio is 30--70% in a population with CAD.\[[@ref3]\]

Calcifications are seen at bifurcation of the carotid artery and can be determined at the level of C3, C4, adjacent to cervical spine and hyoid bone as irregular radiopacity or radiopaque lines \[[Figure 1](#F1){ref-type="fig"}\].\[[@ref4]\]

![A panoramic radiograph of a 61-year-old man showing radio opacities in bilateral carotid vascularite areas](EJD-9-483-g001){#F1}

There are several diagnostic methods that have been used to establish carotid artery calcification (CACs).\[[@ref5]\] Sonography computed tomography (CT), magnetic resonance tomography, electronic thermography, and angiography can be considered among these methods.\[[@ref6]\] Compared to these methods, panoramic radiographs (DPR) present a more economic and quick usage to examine calcifications of the carotid artery and also, DPR are carried out routinely in all patients. A number of studies reported the importance and possibilities of diagnosis of CACs on DPR.\[[@ref7][@ref8]\]

Chronic periodontitis (CP) is a chronic infection which is caused by Gram-negative bacteria may be induced the coronary heart disease, stroke, and atherosclerosis.\[[@ref9]\] Periodontopathogen microorganisms such as *Porphyromonas gingivalis* have been demonstrated in atherosclerotic plaques, and many studies reported an association between severe periodontal bone loss and carotid atherosclerosis.\[[@ref10][@ref11]\]

The aim of this study is to analyze the correlation between the presence of CACs and periodontitis on DPR retrospectively in a group of the nonsmoking population. Further, the relationship between CACs and periodontal disease risk assessment was evaluated. According to our knowledge, this is the first study investigating the relationship between periodontal risk and CACs in nonsmoker subjects.

MATERIALS AND METHODS {#sec1-2}
=====================

Approval for this study was obtained from the Ethical Committee before starting the study. A sample of 1850 radiographs of the outpatients who were being treated by the dental service at Kirikkale University was examined. Radiographs of the patients whose age were 45 years or above were selected. DPR which showed defects resulting from the imaging process of the area of interest, on which cervical vertebra regions were not visualized or which belonged to patients who has any reported systemic diseases were excluded from the study. In total, 1146 radiographs were included for the study. The presence of CACs, periodontal risk, and tooth loss were evaluated on these radiographs. Apart from this, the patient-related data were produced from the selected panoramic pictures (PR). Among others, gender, age, and the date of the PR taking were recorded.

Radiographic examination {#sec2-1}
------------------------

The PRs had been made using a digital panoramic system (Instrumentarium OP 200 D, 75 kVp, 10 mA, 17.6 s scan time, Tuusula, Finland). Radiographs were examined by a dentomaxillofacial radiologist (assistant professor). During the examination of these radiographs, no time limit was imposed.

Evaluation of carotid artery calcifications {#sec2-2}
-------------------------------------------

Twenty percent of the remaining radiographs were selected at random and twice reevaluated by the same investigator 4 weeks after the first evaluation. Intra-examiner reproducibility was found to be 84.6% (agreement for 93/104 sides). Verticolinear oriented heterogeneous radiopacities at above or below intervertebral space C3--C4 were identified as CACs.\[[@ref12]\] CACs were scored as present or absent, and dentomaxillofacial radiologist approved all the positive findings.\[[@ref13]\] Lateral distribution of CAC was identified as unilateral or bilateral.\[[@ref12]\]

Evaluation of periodontal risk {#sec2-3}
------------------------------

The periodontal risk assessment was estimated by measuring alveolar bone loss on PR. Percentage of bone loss was measured at the each tooth mesial and distal sides according to the method described by Schei *et al*.\[[@ref14][@ref15][@ref16]\] The alveolar bone crest in relation to root length was measured. Mesial and distal sides of each tooth were scored; 1, 0--24% bone loss; 2, 25--49% bone loss; and 3, 50--100% bone loss. The scores were first assembled and then averaged. Besides, a single mean bone loss score was obtained for each participant as 1, low periodontal risk; 2, moderate periodontal risk, and 3, high periodontal risk. Edentulous patients were recorded. Mean periodontal bone loss of 50% or above corresponds with a diagnosis of severe CP.\[[@ref17]\]

Statistical analysis {#sec2-4}
--------------------

SPSS for Windows, Version 18 (SPSS Inc., Chicago, Illinois, USA) was used to perform statistical analysis. Kolmogorov--Smirnov test was used to determine the normal distribution of continuous variables. For all of the variables, means and standard deviations were calculated and nonparametric tests were used. Pearson Chi-square test or Fisher\'s exact test were used to determine the potential differences in the distribution of categorized data. Logistic regression was used to evaluate the odds ratio for relation between the dependent variable CAC and periodontal risk among dentate subjects. The threshold for significance was set at *P* \< 0.05.

RESULTS {#sec1-3}
=======

Study population {#sec2-5}
----------------

A total of 1850 radiographs were examined. Radiographs of patients who had been recorded as having any systemic disease (diabetes, hypertension, etc.) (329) and radiographs without clear image (375) were not included into the analysis. Among the 1146 patients, 577 (50.3%) of them were males and 569 (49.7%) were females. The mean age of the subjects was 53.84 ± 9.25 \[[Table 1](#T1){ref-type="table"}\].

###### 

Characteristics of subjects (mean number of patients and their percentages according to gender, CAC, periodontal risk; mean age±SD and mean tooth loss±SD)

![](EJD-9-483-g002)

Analysis of periodontal risk and tooth loss {#sec2-6}
-------------------------------------------

Of the 1146 patients, 338 (29.5%) had low periodontal risk, 688 (60.0%) had moderate risk and 120 (10.5%) had high periodontal risk. All of the patients in this study were dentate and the mean tooth loss was 9.31 ± 7.18 (max: 31, min: 0) \[[Table 1](#T1){ref-type="table"}\]. According to the correlation analysis, a positive correlation was observed between the age and number of missing teeth, and there was also a significant between the periodontal risk and the number of the missing teeth of patients \[[Table 2](#T2){ref-type="table"}\].

###### 

Correlation between CAC and other parameters (age, gender, periodontal risk and tooth loss)

![](EJD-9-483-g003)

Analysis of CACs and its distribution according to age and tooth loss:

During the radiographic analysis there was not detected any imagine of CAC in 990 cases (86.4%) whereas it was detected in 13.6% (*n* = 156) of 1146 cases. Among those, in 40 (3.5%) cases CAC was on the right side, in 52 (4.5%) cases on the left side and in 64 (5.6%) cases on both sides \[[Table 1](#T1){ref-type="table"}\].

Patients with CAC were on average 56.99 ± 8.79-year-old whereas the patients without CAC were on average 53.35 ± 9.23-year-old. A highly significant correlation was detected between CAC and age of subjects (*P* \< 0.001) \[Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}\].

###### 

The difference between CAC + and CAC -- individuals according to their age, gender, periodontal risk and number of tooth loss

![](EJD-9-483-g004)

CAC was detected in 82 of 569 female patients and in 74 of 577 male patients. The number of the female patients with CAC was greater than the male patients (14.4% and 12.8%, respectively) but there was no statistically significant difference between the mean number of tooth loss (*P* = 0.44) \[[Table 2](#T2){ref-type="table"}\]. In patients with CAC, average number of tooth loss was 12 ± 7.73 and in patients without CAC, that number was 8.83 ± 6.96. The difference between the mean number of tooth loss was statistically significant (*P* \< 0.001) \[[Table 3](#T3){ref-type="table"}\]. It was also seen that significant correlation between the increase of the missing teeth and prevalence of CAC was evidence \[[Table 2](#T2){ref-type="table"}\].

Observation of the relationship between carotid artery calcification and periodontal risk {#sec2-7}
-----------------------------------------------------------------------------------------

In 327 of 338 patients with low periodontal risk, CAC was not observed, whereas only 11 of them had CAC on DPR. Conversely, in 62 of 120 patients with high periodontal risk, had CAC but 58 of them did not. In both groups (low, moderate, and high periodontal risk groups) there was a significant difference between the number of the patients with CAC and without CAC (*P* \< 0.001) \[[Table 3](#T3){ref-type="table"}\]. It was shown that the greater the periodontal risk, the greater the prevalence of the CAC \[Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}\]. Hence, the relationship between CAC and periodontal risk was statistically significant \[[Table 2](#T2){ref-type="table"}\].

DISCUSSION {#sec1-4}
==========

Periodontal disease is one of the most prevalent chronic infections in humans and can be very important as a result of its possible contribution to vascular disease.\[[@ref17][@ref18][@ref19]\] There are several studies with different results examining the relationship between cardiovascular diseases (CVDs) that has vital importance and periodontitis. In these studies several systemic markers, clinical or radiographic findings have been used to determine the relationship between two diseases. According to many studies, CAC is one of the subclinical finding of cardiovascular problems. In a previous study, it was reported that the subjects having CAC detected on DPR had a higher risk of stroke, sudden death, and myocardial infarction than the others.\[[@ref20]\] It has been observed that when carotid artery occlusion is more than 60% surgical removing of the atheroma from the blocked artery decreases the risk of stroke in half.\[[@ref21]\]

There is a lack of studies investigating the relationship between periodontitis and CAC, as a radiographic finding of CVDs. Moreover, these studies have not been focused on smoking, which is considered as an important risk factor for CVDs and periodontitis. To best our knowledge, this study is the first one investigating the relationship between a calcified carotid artery and periodontitis in a nonsmoking population.

CAC can be observed by different diagnostic methods. Sonography which is one of the noninvasive techniques has been stated as "the gold standard" in the examination of atherosclerotic changes such as the carotid artery.\[[@ref5]\] However, identifying the carotid artery in DPR as true calcification can be quite conceivable. In some studies, positive findings of the carotid artery on Doppler sonography have been confirmed using DPR.\[[@ref22][@ref23]\] In another study, it was reported that the confirmation of radiographic image of CACs by ultrasound and CT was 34.7% and 62.3%, respectively.\[[@ref24]\] The sensitivity and specificity of PR were 22.2% and 90%, respectively.\[[@ref25]\] Moreover, also, taking DPR is less time consuming and routinely taken from all of the patients older than 18-year-old applying with a dental complaint. In light of these information, we used DPR to examine the CAC of the patients.\[[@ref26][@ref27]\]

Ohba *et al*. reported that calcified carotid artery had been detected on 5% of 659 DPR (*n* = 33) of the patients who were 80-year-old.\[[@ref28]\] In another study performed on DPR of subjects with a mean age of 68 (*n* = 1879), CAC was observed in 3.8% of all radiographs (*n* = 71).\[[@ref22]\] In our study, a number of 1146 radiographs were investigated, and CAC was detected on 156 (13.6%) of them. The bigger ratio of carotid artery findings in our study which is similar to the results of Tiller *et al*., can be explained by the differences in age, lifestyles or other risk factors of the patients.\[[@ref29]\] In another study that was carried out in the Turkish population, like in our study, CAC was detected on 70 of total 105 DPR.\[[@ref30]\] This bigger ratio from the others can be attributed to differences in ethnicity.

The aim of this study was to evaluate the relationship between CAC and risk of periodontitis in nonsmoking patients. Smoking status of patients is important when the study is about periodontitis or CVD.\[[@ref31][@ref32][@ref33]\] It was reported that if the subjects are nonsmokers, the significance of a relationship between CVD and periodontitis is not apparent.\[[@ref34][@ref35]\] Nevertheless, our study subjects consisted of nonsmokers, and the relationship between CAC-positive status and having periodontitis is statistically significant. This unexpected result may be caused by the different risk factors of CVD such as genetics, obesity, or idiopathic hypertension.

CP is an infectious disease which leads to the destruction of the periodontium. The presence and degree of alveolar bone destruction detected in DPR give us information about the presence and degree of periodontitis. Schei ruler method in radiographic studies examining periodontitis has been usually preferred to use.\[[@ref14][@ref15][@ref36]\] Furthermore, a strong correlation was reported between severity of periodontitis and alveolar bone destruction which was observed by using this method. And in this study we investigated the degree of bone destruction by this method.

We investigated the relationship between a calcified carotid artery and periodontal risk through measuring radiographic bone loss and number of tooth loss. According to the present study, there is a statistically significant relationship between a calcified carotid artery and also a number of tooth loss. Similarly to the present one, a recent study reported a relationship between increased risk of stroke and number of missing teeth.\[[@ref37]\] Others investigating oral health and CVDs presented different results.\[[@ref38][@ref39][@ref40][@ref41]\] These studies have evaluated the relationship between risk of different CVDs and tooth loss whereas we have investigated calcified carotid artery as one of the outcomes of CVD. Calcified carotid artery which was reported as in relation with periodontal risk in the present study can be the potential pathway of affecting vascular diseases by oral health.

According to the results of our study, positive findings of CAC on DPR showed a significant relationship with age. It\'s well-known that increase in age is a risk factor for stroke and heart attack. Furthermore, in patients with age 50 and above, increase in arteriosclerosis of carotid artery is associated with coronary heart disease and this finding has an important role in identifying coronary heart disease.\[[@ref42]\]

In addition, significant correlation between the risk of periodontitis and tooth loss with the presence of CACs is considerable. The result is in accordance with other studies reported a noticeable relationship between increased risk of periodontitis and positive findings of CACs.\[[@ref43][@ref44]\] Engebretson *et al*. who confirmed findings of CACs on panoramics with Doppler sonography, found a significant relationship between loss of alveolar bone and CACs.\[[@ref44]\] In another study, a significant association between intermedia thickness of carotid artery and risk of periodontitis had been reported.\[[@ref11]\] In several studies, the significant relationship had been confirmed between CVD and periodontitis.\[[@ref45][@ref46][@ref47][@ref48]\] Madianos *et al*. reported a strong relationship between periodontal disease and coronary heart disease.\[[@ref49]\] In another study, Christou *et al*. concluded that periodontal disease was associated with both high blood pressure and presence of CACs.\[[@ref4]\]

Limitations of the study {#sec2-9}
------------------------

As a result of retrospective characteristic of this study, (1) CAC findings on DPR were not confirmed with another diagnostic method such as Doppler sonography. (2) There is no information about the intermedia thickness of carotid artery. (3) There is a lack of information about risk factors such as diet habits, genetic factors, and systemic conditions. (4) Evaluation of the periodontal status of the patients depends on only radiographic examination with lack of clinical assessment. Hence, the present study has some limitations similarly to many of cross-sectional data and the relationship detected in this study should not be interpreted as causal.

CONCLUSION {#sec1-5}
==========

The results of this study demonstrated that there is a relationship between patients with positive readings of CAC on PR and periodontitis. In addition, this relationship confirms the relationship between periodontitis and CVDs. Periodontitis is one of the most prevalent periodontal diseases in general population and as a result of such relationship with CVD periodontitis it would become a more critical disease for public health.\[[@ref50][@ref51]\] Clinicians should examine the presence of carotid calcifications on PRs of the patients who has periodontitis and if they detect any sign of carotid calcifications, the patients should be referred to a cardiologist for a further examination.
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